1. Introduction {#S1}
===============

Inadequate access to sufficient and safe drinking water is one of the main causes of 842,000 deaths and billions of cases of diarrheal disease per year (Clasen et al., 2014). This has direct impacts on public health, and the effects are greatest on children under-five ([@R12]; [@R11]). Over the past century, many technological advances have been made to improve the protection of water sources and the treatment of water for drinking; however, many countries still face obstacles that reduce their ability to ensure the delivery of safe drinking water over time, and throughout the country ([@R19]; [@R14]; [@R28]). Water governance 'failures' may explain some of the obstacles ([@R31]; [@R3]; [@R29]; [@R10]; [@R34]).

After more than a decade of water governance research, however, water governance is still an umbrella concept and how to improve it is unclear ([@R4]; [@R32]; Lautze et al. 2011). Water governance is concerned with how institutions operate and how regulations affect political actions and societal concerns through formal and informal instruments (UNDESA et al, 2003), and is meant to enable practical management tools to be applied ([@R31]). The focus of water governance research is often on broad theoretical concepts of transparency, equity, and accountability ([@R29]), thematic concepts of Integrated Water Resources Management (Parkes et al, 2010; [@R24]; [@R15]), water security and transboundary water management ([@R33]; Allan 2002; Mirumachi and van Wyk 2010; Zeitoun, et al 2011), and the global effects of climate change on water management (Schluter et al, 2010; Bisaro et al, 2010; Kranz et al, 2010). While a few conceptual frameworks and empirical studies provide a basis for analyzing water management policy ([@R25]; [@R18]; [@R7]), there is very little theoretical analysis and debate on the core concepts of water governance, ([@R7]; [@R31]), especially water quality governance. There are numerous studies in the public health and engineering fields on drinking water supply and how to improve it. The research in these fields has focused on the study of technical water management challenges and the study of specific interventions---household water treatment and safe storage, source water protection, and water safety plans---and their impact on public health or drinking water quality for example ([@R6]). Few studies have attempted to look at governance failures in drinking water supply in single cities or country cases ([@R3]; [@R16]; Fuest and Haffner, 2007), and a recent case study compared the institutions, roles and responsibilities that guide the drinking water sector in nine countries ([@R27]). What is missing in the research and policy debate is contextualized analysis of drinking water quality governance (DWQGo) across countries so as to decrease the disease burden, improve public health, and sustain services over time.

In this article, we revisit the theory and practice of water governance by examining drinking water governance challenges in three countries---Brazil, Ecuador, and Malawi. Using mixed methods, water governance challenges and their influence on drinking water management or service delivery are explored. The data were used to develop a conceptual framework for identifying challenges in the governance of drinking water quality on national and sub-national levels, and the relationships between these challenges.

2. Methods {#S2}
==========

2.1 Ethics {#S3}
----------

The University of North Carolina Institutional Review board reviewed this study and approved the protocol on 28 September 2011.

2.2 Research Design and Analysis {#S4}
--------------------------------

A country clustering model was used for country case selection and a snowball sample was used in each country to select interviewees for semi-structured in-depth interviews and focus groups.

To select country cases for study, a country clustering model was used that incorporates variables connected to performance in the water, sanitation, and hygiene sector (WaSH) ([@R22]). The model groups countries into five clusters based on similarities and differences across variables (political, economic, social and environmental) that impact WASH performance. Variables in the cluster model and the data for each country are represented in [Table 1](#T1){ref-type="table"}. Brazil, Ecuador and Malawi were selected from three of five clusters in the model. The use of the model is more sophisticated and provides more rigorous reliability than simply using geography or GDP for country case selection. The use of the country clustering model to select country cases, also enhances the representation and generalizability of our study.

After, selecting countries and prior to initiation of the field research, a brief literature review of drinking water quality laws, policies, and governing institutions in the sector was conducted in each country.

Field research took place from February through June 2012. In each country, a snowball sample was used to select individuals for interview. Interviewees included representatives from government, non-governmental organizations (NGOs), international organizations (IOs), and water service providers. Initial contact with government officials, NGOs and IOs in each country capital was made after discussion with researchers who conducted research in these countries ([@R27]). Interviews lasted between 20 minutes and one working day. Interviews with national and provincial level government, NGO and IO representatives included questions about regulations, monitoring and enforcement, and obstacles in the delivery of safe drinking water. To have representation of service provision, provincial and national-level government officials were asked for a list of particularly well-functioning drinking water systems in the country and others with significant challenges in operation and or management. Water systems were then visited and interviews were conducted with water service providers and managers (operators, utility managers or presidents of community elected water committees). Interviews with water service providers included questions around water quantity, water quality, treatment, management, financing, and technical assistance. Observations of functioning water systems, treatment plants, and laboratories were also conducted. A total of 63 interviews were conducted in Brazil, Ecuador and Malawi. [Table 2](#T2){ref-type="table"} describes the representatives interviewed in each country.

In Brazil, the States of São Paulo, Ceará, Santa Catarina, and Mato Grosso were visited and interviews conducted. In Ecuador, the provinces of Azuay, Pichincha, Riobamba, Esmeraldas, and Loja were visited and interviews conducted. In Malawi, the districts of Lilongwe, Kasungu, Blantyre, and Zomba were visited and interviews conducted.

Data were analyzed, as a team. Data were analyzed iteratively so that themes could emerge. The interview transcripts were viewed and analyzed in NVivo 9, a qualitative data analysis software package used to organize and make notations for analysis, and by reading through the interviews to identify common challenges or themes. Three different coders identified common themes, separately. Each challenge that was consistently mentioned in interviews was classified as a node and the relationships between these nodes became links.

The codes were revisited to understand the common challenges and common links in all three countries. A conceptual framework emerged from this process. The water governance entity that has influence on each of these nodes was then identified in the data, and placed in the background of the framework, so as to identify the institutions that have influence over specific challenges. DWQGo policy levers are, thus, identified in the framework. A literature review and interdisciplinary systems thinking were facilitated to triangulate the findings.

3. Results {#S5}
==========

3.1.Water Quality Laws and Policies {#S6}
-----------------------------------

In Brazil, DWQGo is shared between the Ministry of Health (MoH) and the Ministry of Cities. The MoH regulates water quality standards. The Ministry of Cities creates regulations, provides guidelines, and financial resources for infrastructure. The municipalities, however, hold the rights to grant concessions for water and sanitation services to a public, private or public-private company. In the 1970s, municipalities granted concessions for services to public, state-owned companies, as part of a plan by the government to expand services (PLANASA). In the 1990s, there was a push for privatization of state-owned services, including water and sanitation. The lack of a regulatory framework and public opposition to rising prices prevented the same scale of privatization in water and sanitation services that occurred in other sectors (telephone and electricity). Most municipalities are still served by private-public companies, where the state is the majority shareholder. There are 3856 municipalities served private-public companies, 1510 municipal run services, and 499 privately run companies (National Water Agency of Brazil). One of the largest public-private companies in the world is SABESP, serving 27.6 million people in Sao Paulo. It had revenues of US \$2.6 billion in 2011, and stocks in the company are traded on the Brazilian (BOVESPA) and NY stock exchange (SABESP, 2012).

In Ecuador, DWQGo is shared by the Ministry of Urban Development and Housing (MIDUVI), the Ministry of Health (MoH), and the National Secretary of Water (SENAGUA). Municipal governments, however, are responsible for water service delivery in urban and rural areas. In most provinces, the municipality provides water to the provincial capital city. In rural areas, community water committees (Juntas de Agua), elected by the community, are responsible for service delivery administration. Operators are hired to operate and maintain the system, and ensure service delivery and treatment (if applied). Community members in rural and urban areas pay tariffs that cover the operating costs and capital expenditures of the water service delivery. Municipal governments are responsible for seeing that the delivery occurs. The MoH, through their provincial health departments, is responsible for surveillance of water quality. They provide some technical support to community water committees. MIDUVI is responsible for developing drinking water standards, policies, guidelines, and determines the sector's development strategy. MIDUVI technicians in each provincial capital provide technical assistance to the municipalities. SENAGUA has a mission to be a steward of water resources in the country and to develop integrated water resources management within the country. SENAGUA gives authorization for use of a particular water source for drinking or irrigation, and is responsible for testing the water quality of those sources.

In Malawi, DWQGo is the responsibility of the Ministry of Irrigation and Water Development (MoIWD) and the National Water Resources Board. MoIWD is responsible for water sector policy, service provision, regulation, and surveillance in the country ([@R27]). MoIWD manages water services in the urban areas through five water boards---Lilongwe, Blantyre, Northern, Central, and Southern. The Malawi government appoints the head of each water board. The Water Boards have some independence in decision-making. In rural areas, district assemblies, private contractors and NGOs provide water to communities ([@R27]; [@R21]).

All countries have laws that define which entity is responsible for specific aspects of water service delivery, monitoring, enforcement, and surveillance. All three countries have water quality standards, and watershed or catchment area policies to protect water resources.

3.2. Common Challenges in Drinking Water Quality Governance {#S7}
-----------------------------------------------------------

The interviews and field observation in Brazil, Ecuador and Malawi allowed us to identify common DWQGo challenges. They include: lack of coordination and data sharing between ministries, inadequate monitoring, enforcement and surveillance of water quality laws, insufficient technical capacity for water quality testing in rural areas, scarce financial resources, and inadequate administrative and technical management of water systems. The analysis of the common challenges in water governance identified in the semi-structured interviews is reviewed below and direct quotes or summaries of quotes are provided with the type of organization for which the interviewee works.

### 3.2.1. Agency Coordination and Data-sharing {#S8}

In Brazil and Ecuador, government officials suggested that improved coordination and data sharing would increase transparency, and decrease duplication of efforts. While, data sharing and coordination is more streamlined in Malawi, there is no independent ministry of government body responsible for for water quality surveillance. Rural areas in all three countries have fewer financial and technical resources compared to their urban counterparts and have greater challenges related to collecting water quality data, coordinating with national offices, and sharing lessons learned.

After passing the Water Resources Law (LEI № 9.433), Brazil has increased efforts to collect information that can be used for drinking water planning purposes. The Ministry of Cities guides and provides resources (financial or otherwise) for urban planning, including water supply and sanitation. The National Water Agency (ANA) conducted a nation-wide study that resulted in a Water Supply Atlas that consolidates data on water resources and infrastructure needs, by municipality. Water quality data are not included in the Atlas because, despite efforts, the data were not collected and or reported from all municipalities. There are deficiencies in coordination, data sharing and transparency. "Brazil has made significant strides in terms of legislation in the last 20 years, but it has yet to have the desired impact on the ground" (Academic, state management company). "There is a national repository for drinking water quality data, but it is only accessible by a few entities, and data sets are not complete. A great challenge is the lack of strategic planning and coordination at the regional and local levels" (Director for Operations -- water utility company).

In Ecuador, collaboration on monitoring and information between government organizations does not occur consistently and this creates water quality surveillance challenges (National MoH employee and SENAGUA officials, Quito, Ecuador). The potential for water quality data sharing and coordination between agencies is great, but currently there is no place or mandate for it (MoH, Quito, Ecuador).

In Malawi, the five water boards have an association of water utilities. They meet four times a year to share best practices and to discuss ways to solve common challenges. Information regarding finances is shared between the Ministry of Irrigation and Water Development.

### 3.2.2. Monitoring, Enforcement and Surveillance {#S9}

All three countries have laws that define which government ministry is responsible for monitoring, enforcement and surveillance of water quality; however, these activities are inhibited by insufficient resources and training, especially in rural areas and economically disadvantaged urban areas. Water quality surveillance is the responsibility of the MoH, at the state or department level, in both Brazil and Ecuador, and the World Health Organization guidelines are used as a basis for development of standards. In Malawi, there is no independent surveillance ministry or agency and the Water Boards are responsible for all aspects of monitoring, enforcement and surveillance of drinking water quality. Watershed or catchment area management policies for the protection of source water quality have been incorporated into water policies in all three countries; however, the resources to monitor and enforce policies and the technical capacity to administer them are insufficient (National Water Agency, Brazil; SENAGUA, Ecuador).

In Brazil, water utilities are required to monitor their own water quality. The MoH and corresponding state and municipal health departments are responsible for promoting and monitoring water quality compliance. Sampling guidelines are used to determine required levels of monitoring, depending on the population served. Some state and local health agencies do not have enough resources (people and testing equipment) to monitor and enforce the laws as frequently or at as many points along the distribution system as is required, especially in poor or remote areas (advisor to the mayor, state water utility manager, and former employee of the National Water Association).

In Ecuador, monitoring and enforcement of water quality laws to ensure that standards are met was cited as a major challenge. The MoH is required to conduct surveillance of water quality; however, there are not sufficient resources to monitor and enforce standards. A Provincial MoH water quality technician responsible for water quality testing, stated, "...to give some idea of the great job it is to monitor water quality in \[Ecuador, in this province\]: the province is divided into 22 health areas. Twelve of the 22 areas are within the provincial capital. Ten are in rural areas. The MoH has the resources to sample water from some systems, but not all in the province. We have no idea how many systems are treating their water with chlorine in this province\... Other provinces have fewer resources than we do. We have more capacity than most other provinces. Testing physical, chemical, and microbiological parameters for one water source costs us \$180--200. It is not feasible, given our budget, to test water in all water systems. We would also like to be able to test for chemical fertilizers, pesticides and hydrocarbons in some water sources, but this is too expensive and we do not have the proper testing equipment."

In Malawi, The Ministry of Irrigation and Water Development is responsible for policy, regulation, water service provision, and surveillance in urban areas and carries out direct operational monitoring of rural supplies and audits water quality testing of rural Water Boards ([@R27]). There is no independent surveillance agency. Water quality provision and monitoring are, therefore carried out by each of the five water boards in urban areas or the district assemblies in rural water; however, there are not sufficient resources to monitor water quality (Water Board representative). The Ministry of Public Health is unable to check water quality because it does not have its own facilities (MOH representative).

### 3.2.3. Technical Capacity {#S10}

In all three countries, insufficient technical capacity for water quality testing, especially in rural areas, was mentioned as a major obstacle in the delivery of safe drinking water regularly over time. Decentralization is a key reason that communities are primarily responsible for drinking water supply, maintenance and operation, and water quality monitoring. In all three countries, this responsibility poses a challenge in rural areas and in municipalities or communities that do not have the capacity or the financial resources to address their maintenance and operation needs to treat water, and to monitor water quality so as to meet regulations. Each country, however, has water systems that are known throughout the country as model systems of service delivery.

In Brazil, insufficient technical capacity in monitoring water quality in rural, remote, or economically disadvantaged zones continues to be a challenge (National Water Agency, city mayor). A push for investments in infrastructure (focused on network expansion in order to meet the Millennium Development Goals) has increased access to piped water, but the delivery of safe drinking water continues to be a challenge in many areas, especially in water systems that have not been adequately maintained (Mayor and Water Operator).

In Ecuador, municipalities do not have the technical capacity to assist urban and rural service delivery personnel, or implement water quality surveillance throughout the municipality, especially in rural areas, despite being responsible (MIDUVI technicians). A range of water services and water quality surveillance, therefore, exists throughout the country). MIDUVI provides technical assistance to municipalities and is responsible for determining the sector's development strategy, but does not know the number of water systems in the country and does not have the resources to assist all systems (MIDUVI official). The municipality or the CWC is required to register with MIDUVI, however, many have not done so, and this makes it difficult to monitor or assess need.

In Malawi, a variety of problems constrain water boards. "They include: dysfunctional equipment, insufficient staff, lack of technical skills to carry out certain analysis, and inaccessible water sampling points" (Water Board). Chemicals are not always available and sometimes need to be borrowed from other water boards within Malawi, while waiting for the arrival of chemicals from outside the country, like South Africa (Water Board). "Testing water quality often requires the setup costs of a laboratory and water quality testing equipment, and the training of lab technicians. This is feasible in urban areas, but less so in rural areas" (Water Board). In Malawi, in rural areas, water quality surveillance authority rests with the district assemblies, as directed by the 1998 National Policy and 2005 Water Policy. The capacity to monitor and maintain water quality in rural areas is limited by inadequate human and financial capacity ([@R21]).

### 3.2.4. Administrative and Technical Management {#S11}

In Brazil and Ecuador interviews with government officials, operators of water systems, and NGO staff working in the sector revealed that maintenance and operation of water services in the country are inadequate in many dinking water systems (MOH and Senagaua, Ecaudor; ANA, Brazil). Reasons cited included: insufficient technical capacity (especially in rural areas) insufficient drinking water treatment oversight and enforcement, and customer nonpayment of water fees.

Challenges for Brazil include, leaky pipes and intermittent service, which are common throughout the country. Financing for repairs in infrastructure are more difficult to find than financing for expansion of services (Water Utility Manager). This lack of maintenance has an impact on water quality throughout the country. Non-paying consumers are a major challenge: revenues from consumer water bills do not fully support operation and maintenance in many systems (water utility companies). Water prices are on a tiered system that is based on consumption; however, little can be done if the consumer does not pay. One state company administrator stated: "...\[customers\] know there are no real consequences. There is not much we can do. They don\'t pay, we cut the water, they come and make an agreement to pay, pay the first installment (so we will connect them again), then they just stop paying. We cut again, they come back, sign another agreement, we reconnect, and so on. Or they just make an illegal connection. \""

Many new investments needed in water systems come from loans or credit from the federal government, which are difficult and time consuming to obtain. There are some older water systems that are not adequately mapped and as systems age, there are fewer and fewer people who know where pipes and valves are located" (Water Utility Manager, Brazil).

In Ecuador, capacity building in operation for water operators is the responsibility of each municipality or community elected water boards, in rural areas. There is not sufficient technical capacity in water treatment (MoH-national and provincial representatives). Furthermore, community water boards are elected for two years, and new board members need training (MoH officials, MIDUVI staff and CEWB).

Operators mentioned a desire to monitor and test water quality in their own systems, but the availability of testing equipment and the capacity to facilitate the tests were cited as obstacles (operators of water systems in North, West and South; MoH and MIDUVI officials). Maintaining residual chlorine in the rainy season because of high turbidity levels is also a challenge (Operator, Central Ecuador). On the coast of Ecuador, water quality issues from the mining of gold and oil are serious concerns; yet, no testing equipment was available for water quality measurement (MIDUVI technician).

In Ecuador, non-payment of water bills hinders maintenance and operation activities in rural and urban areas. Therefore, "...operators are not paid and many water systems are in need of significant repairs" (MIDUVI staff, CEWB president). An NGO manager, and former MIDUVI official, in the coastal region of northwestern Ecuador summarized the problem: "...there is not a culture of paying for the \[water\] service \[by the customers\] here \[in this province\], if it \[the water\] does not arrive 24 hours a day and is not treated. Some people just don't pay. The law says service can be cut off after 2 months of not paying your water bill, but that doesn't happen in many of the small towns. Everyone knows everyone \[in these communities\], and it is difficult to cut off someone's water that you know and are friends with or is part of your family. ...This means that resources are not available for maintenance, and CWCs have to take out loans to replace pipes, and operators are not adequately compensated for their work.""

MIDUVI offers technical assistance in maintenance, trains in administration, and helps with conflict resolution, but the resources are not often available to address all needs (MIDUVI staff in three different provinces). Financial constraints, insufficient technicians, and lack of information on all of the water systems that exist in the country make it difficult to understand the extent of the need (national MIDUVI government official).

In Malawi, lack of financial resources in district assemblies and among water boards limit the maintenance and operation needs that can be addressed, and occasional illegal tapping of water pipes to siphon off water reduce the billable water available in rural areas. Water board officials mentioned consistent resource challenges. "Water pipes are aging, few vehicles are available for field visits, and there are too few inspectors" (Water Board). "Vandalism is a problem and pipes are broken to access water during drought periods" (Water Board).

3.3. The Drinking Water Quality Governance Framework {#S12}
----------------------------------------------------

From our analysis of the interviews with drinking water quality governance (DWQGo) actors in Brazil, Ecuador and Malawi and interdisciplinary systems thinking, a Drinking Water Quality Governance Framework was created. The common challenges are represented as nodes (identified in the text in the boxes and the text) and the relationships between these nodes are represented with links or arrows. The Framework demonstrates how these challenges are interrelated and eventually impact the delivery of safe drinking water services. The different governance bodies or institutions directly responsible for the specific challenges provide a backdrop (represented in the circles). The challenges or nodes (in [Figure 1](#F1){ref-type="fig"}) can be identified as inputs, processes and outputs. The challenges are linked with arrows to other drinking water service delivery challenges identified in our research. The challenges or nodes identified can also be viewed as policy levers that could be affected to improve drinking water services. The arrows or links in the framework represent feedback loops. Feedback between the different DWQGo sectors of government on the different challenges identified could influence the creation of new policies and standards or modification of existing ones. To create this Framework, first, the common themes (challenges) from the interviews were listed, the levels of government that have power over the different themes in all three countries were then identified in the data. The links and feedback loops were then labeled after the interview data was reanalyzed. A literature review and interdisciplinary systems thinking was used to triangulate the data.

Our Framework represents our findings. The lack of laws and financial capital at the national level directed toward monitoring, enforcement and surveillance of water quality at the state level influences the management of water services at the local level, reduces the information available about drinking water quality, and this in turn effects the technical capacity offered. Inadequate technical capacity in administrative and technical management affects the ability of water service providers to maintain and protect the water system, and treat water. This impacts the quality of the water service provided to the public. Insufficient payment for water services reduces the resources available for administrative and technical management, which in turn reduces resources for operation and maintenance, and ultimately impacts the quality of the drinking water service provided. These nodes or challenges can also be viewed as policy levers. This framework suggests that small adjustments could have important impacts on drinking water quality, with subsequent human health effects on stakeholders.

4. Discussion {#S13}
=============

Our Drinking Water Quality Governance Framework shows actors, inputs, outputs, processes, and their relationships. The framework is heuristic, a starting point for analyzing DWQGo, and a simplified representation of reality. It is not an attempt to accurately mirror every behavior. The Drinking Water Quality Governance Framework represents the challenges that were identified by interviewees and how they are interlinked. They are not tested facts, but common challenges identified by those we interviewed.

Our framework suggests that insufficient coordination and data sharing limit the learning potential between different ministries, affects monitoring, enforcement and technical support at the state or district level, which influences the administrative and technical management of services at the local level. Insufficient monitoring, enforcement and surveillance affects the service delivered at the local level. Inadequate technical assistance inhibits the technical and administrative management of water service delivery, ultimately influencing water quality provided to consumers. Addressing some of these challenges may improve learning and create a feedback loop. For example, greater water quality surveillance could improve information about the water systems that are not meeting national water quality standards. Improved technical assistance might assist in identifying specific reasons for which water quality standards are not being met. Through these efforts, the laws and standards at the national level could be enhanced with improved information and data sharing. Improved data sharing and coordination between ministries at the national level could improve monitoring, enforcement and surveillance, which in turn can improve the administrative and technical management of services at the local level. An increase in technical assistance, especially in rural areas, could improve oversight of water quality and could improve the water service delivery managers' attention to water quality.

Conceptual frameworks and empirical studies have provided a basis for analyzing environmental governance ([@R23]), and have informed frameworks for water governance ([@R25]; [@R18]; [@R7]). Franks and Cleaver created a framework to represent water management whereby actors and agents (public officials, political leaders, NGOs, etc.) influence the resources available, which in turn affect access to water. Our framework takes a similar approach but attempts to disaggregate the different levels of government and the types of challenges that might influence resource or power relationships. Kneiper et al (2007) outlined a valuable framework that documented water policy/management processes from goal setting to policy formulation to implementation to monitoring. Our framework builds on this framework by suggesting that technical assistance could be part of this process and lessons learned from monitoring, enforcement, surveillance, and from technical assistance could feedback and inform future policies and standards.

Our framework could be further applied and refined by testing it in other governance and water management settings. Examination of DWQGo across a range of countries can help improve this framework. Research that analyzes other country case studies is needed to discern if similar challenges exist, if the challenges have similar influence on different levels of government, how challenges might affect water service provision (specific outcomes), and the subsequent feedback loops that might occur.

Some research has analyzed specific challenges identified in our research, but no other known research has looked at the different levels of government and the challenges together. In Bolivia, Ghana and Peru, improved technical capacity in administrative and technical management has been suggested to improve the sustainability of drinking water systems ([@R35]). World Bank research found that the culture of not paying water bills is also a problem in urban areas and even government departments are guilty of nonpayment ([@R36]). Others have suggested that improved water governance may contribute to improvements in water service delivery, drinking water quality, and ultimately public and environmental health ([@R30]; [@R20]). Our research is the first to look at the governing institutions within the drinking water sector together with the range of challenges faced by different institutions, so that a policy levers can be identified.

There are limitations to this research. The three countries are diverse and only three countries were analyzed in the case study. The framework, policy levers and feedback loops identified in this research should be further tested in other settings. The assumptions identified by interviewees, may not hold true in other contexts, but are interesting in their own right. For example, the assumption that WQ monitoring capacity needs to be created may be abandoned in a place where auditing or third party testing is the norm. Similarly, the assumption that WQ testing is a technical capacity that should be provided by the government may not hold true in countries where it is assumed that supply and demand will sort out the needs for technical capacity. This framework, however, was developed from three case studies with diverse political, economic, social and environmental settings. The incorporation of a country clustering model to select the countries for this study increases its potential for representation and generalizability and decreases the likelihood of selection bias ([@R9]).

The contribution of our research lies within the framework that emerged which points to opportunities that exist for DWQGo. The challenges that were identified by respondents reveal policy levers available to improve water quality and human health. While research on water quality is often focused on specific technical solutions, this research provides an analysis of water governance structures, relationships, and processes that are critical to the delivery of safe drinking water over time.

5. Conclusions {#S14}
==============

Our study identified common challenges in drinking water quality governance (DWQGo) in Brazil, Ecuador, and Malawi. They include: insufficient data sharing and coordination between government offices, lack of monitoring and enforcement of water quality laws, unclear policies from the national government around surveillance of water quality, and administrative and technical management of the water service. Our use of a clustering model for case study selection enhances the generalizability of our results. While each country is unique, our qualitative field research allowed identification of common governance challenges and our analysis produced a framework that allowed us to identify the interconnected nature of the challenges that ultimately influence drinking water quality. The framework maps the relationships among processes, actors, and outcomes of DWQGo, and reveals specific policy levers that could be directed to improve drinking water quality and human health.
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###### 

Case Study Country Variables in Country Clustering Model

                                                                                                       Brazil     Ecuador   Malawi
  ---------------------------------------------------------------------------------------------------- ---------- --------- --------
  Total Access to Improved Water Supplies (1990) [\*](#TFN1){ref-type="table-fn"}                      89%        74%       42%
  Total Access to Improved Water Supplies (2010) [\*](#TFN1){ref-type="table-fn"}                      95%        80%       63%
  Total Access to Improved Sanitation (2010) [\*](#TFN1){ref-type="table-fn"}                          75%        70%       10%
  Total Available Water Resources m\^3/capita/year (2009) [Φ](#TFN2){ref-type="table-fn"}              42,604     29,757    1,197
  GDP per capita (PPP) (2011) [\$](#TFN3){ref-type="table-fn"}                                         \$11,719   \$8,486   \$918
  GINI Index (2009, 2010) [+](#TFN7){ref-type="table-fn"}                                              54.7       49/3      43.9
  Expected Years of Schooling (for child of school entrance age) [±](#TFN4){ref-type="table-fn"}       13.8       14.0      8.9
  Percent of Population that is Urban [∫](#TFN6){ref-type="table-fn"}                                  87%        67%       20%
  Government Effectiveness (ranges from −2.5 (weak) to 2.5 (strong)) [g](#TFN5){ref-type="table-fn"}   0.07       -0.67     -0.39

([@R17]);

(Aquastat, 2009);

([@R37]);

(UNDP, 2011);

([@R38]);

(World Bank, 2011c),

(World Bank, 2010a)

###### 

Interview Representatives and Countries of Origin

  ---------------------------------------------------------------------------
  Country       Water Service\   Government   NGOs &\          Total \# of\
                Providers                     International\   Interviews
                                              Organizations    
  ------------- ---------------- ------------ ---------------- --------------
  **Brazil**    5                6            1                12

  **Ecuador**   15               11           4                30

  **Malawi**    13               4            4                24

  **TOTAL**                                                    **63**
  ---------------------------------------------------------------------------

###### 

Laws and policies that govern drinking water quality in Brazil

  Laws/Policy                  Date   Brief Summary
  ---------------------------- ------ -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  The Brazilian Constitution          Defines National, State and Local level responsibilities.
  LEI № 9.433                  1997   Creates the Water Resources Management system, based on the French Model and focused on the watershed as an administrative unit. Created a National Water Agency (ANA) that is responsible for water resources planning at the national level. ANA is responsible for providing support to state and local levels and requires licenses for water withdraws and wastewater discharge. Water allocation is the responsibility of watershed committees, which are composed of government, stakeholders and civil society.
  LEI № 11.107                 2005   Defines concession rules, and includes public consortia and regional service modalities.
  LEI № 11.445                 2007   Establishes guidelines for drinking water and sanitation services and a National Directive for Water and Sanitation Services. Aims to clarify several regulatory aspects of service provision, including the local, regional and national roles.
  Portaria № 2.914             2011   Grants the responsibility of "promoting and monitoring compliance" to the Federal Health Secretary and corresponding State agencies.

###### 

Laws and policy that governs drinking water quality in Ecuador

  Laws/Policy                                                             Date   Brief Summary
  ----------------------------------------------------------------------- ------ ------------------------------------------------------------------------------------------------------------------------------------------------------
  Ley de Aguas Codificación 16, Registro Oficial 339                      2004   Governs the use of seawater, surface, ground and air of the country, in all its forms and physical states.
  Norma Técnica Ecuatoriana NTE INEN 1108 4ta N.                          2006   Outlines water quality standards in the country.
  Ley Orgánica de los recursos hídricos, uso y aprovechamiento del agua   2008   Grants exclusive control of water to the State, which is responsible for its management, regulation, and control. Makes water a human right for all.

###### 

Laws and policies that govern drinking water quality in Malawi

  ----------------------------- ----------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Water Resources Act           1969, amended in 1996   Defines ownership, rights to water, pollution of public water, and establishes gives responsibility of administration of water resources to Water Resources Boards.
  Malawi Water Works Act        1995                    Defines the responsibilities of agencies working in the sector, specifically the water boards, and provides a legal framework for implementation of integrated water resources management policy. Water Boards operate under the terms outlined in this Act.
  Water Policy                  2005                    Outlines an integrated approach to water management. It provides a water management scheme that is centralized around catchment areas, and assigns roles and responsibilities for water management.
  Malawi Bureau of Standards,   2011                    Provides guidance the conduct of water quality sampling programs.
  ----------------------------- ----------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### Highlights

-   We analyze drinking water governance challenges in Brazil, Ecuador, and Malawi

-   A mixed methods approach was used

-   Data sharing, monitoring, enforcement and technical capacity were common challenges

-   A conceptual framework identifies policy levers that could address these challenges
